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TITLE OF THE INVENTION 

THERMOELECTRIC MODULE AND METHOD OF PRODUCING THE SAME 
[0001] The present application is based on and claims priority under 35 U.S.C. §119 with 
respect to Japanese Patent Application No.2001 -022565 filed on January 31, 2001 (13th Year 
of Heisei), the entire content of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0002] The present invention is generally directed to a thermoelectric module and method of 
producing the same, the thermoelectric module being in the form of, e.g., a semiconductor 
laser module for optical communication, a semiconductor amplifier module, an external 
modulator module or a receiving module. 

DISCUSSION OF THE BACKGROUND ART 

[0003] In general, the temperature of an installation environment of such a module or the 
external atmospheric temperature of a case in which such a modide is installed reaches 60 - 
70 degrees Centigrade due to the Joule heat of its electric components. Due to the fact that the 
laser diode which is widely used in a laser module as a hght source in high-speed optical fiber 
communication changes its optical characteristics such as wavelength with changes in 
atmospheric temperature, the chip carrier which mounts the laser diode thereon is kept in 
thermal isolation firom the case. In order to ensure such thermal isolation and to make the 
temperature of the laser diode constant, a thermoelectric module (i.e., temperature controlled 
thermoelectric module) has been used or employed. 

[0004] This thermoelectric module is produced by soldering an electrode provided 
insulating material and a semiconductor chip, to connect the two. As Japanese Patent Laid- 
open Print No.Hei.lO (1998)-62659 discloses, a soldered connection is provided at heat- 
absorption and heat-radiation sides of the insulating material, in general. 
[0005] For example, for cooling, the soldered assembly of the thermoelectric module is 
soldered to an object to be cooled down or a structure to be heat-radiated such as a heat sink 
or box, using a soldering agent. This soldering agent is lower in melting point (solidus / 
liquidus), than a soldering agent which is used in the module assembly for the connection of 
semiconductor tip). This is done to prevent the thermoelectric module from being deformed 



or broken upon soldering connection. Selection of the soldering agent is determined in 
consideration of a safe rate of temperature overshoot upon heating, relative to the melting 
point of the tip connecting soldering agent. 

[0006] When the thermoelectric module is required to be heat-resistant in-use, as in "A-Z of 
Thermoelectric Conversion" (1995, pp. 24-25, Realize Company), 95Sn5Sb soldering agent 
is used for the connection of the semiconductor tip in general, due to heat-resistance 
limitations of the semiconductor tip as well as the soldering agent, per se, respectively. 
[0007] However, using the above-mentioned soldering agent which is lower in melting 
point (solidus / Uquidus) than the soldering agent which is used in the module assembly for 
the connection of the semiconductor tip can lower the connection reliability at the connection 
of the structure to be heat-radiated when the module is required to be used in a severe thermal 
environment. 

%, [0008] In addition, if 95Sn5Sb soldering agent is employed as the soldering agent which is 

Q used in the module assembly for the connection of semiconductor tip, making the other 

40 soldering agent as high as possible in heat resistance results in including Pb, which is 

environmentally unacceptable. 
^ ~^ [0009] Thus, a need exists to provide a thermoelectric module which is free from the 

D aforementioned drawbacks. 

SUMMARY OF THE INVENTION 
ry [0010] Accordingly in order to meet the above need to overcome the aforementioned 

drawbacks or problems, a first aspect of the present invention provides a thermoelectric 
module which includes a case, a heat-radiation side insulating substrate, a heat-absorption 
side insulating substrate, a first soldering layer formed of a first soldering agent at a position 
to connect the heat-radiation side insulating substrate and the case, a plurality of P-type and 
N-type semiconductor chips interposed between the heat-radiation side insulating substrate 
and the heat-absorption side insulating substrate, the plurahty of P-type and N-type 
semiconductor chips being arranged alternately to be connected in a series, and a second 
soldering layer formed of a second soldering agent at a position to connect the heat-radiation 
side insulating substrate and one end of each of the plural P-type and N-type semiconductor 
chips, the second soldering layer connecting the heat-absorption side insulating substrate and 
the other end of each of the plural P-type and N-type semiconductor chips, the second 
soldering agent being identical with the first soldering agent in raw material. 
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[0011] In accordance with the first aspect of the present invention, even if 95Sn5Sb is 
employed as the second soldering agent for the connection of the semiconductors, forming 

the thermoelectric module can be made possible without lowering heat-resistance at the heat- 
radiation side. In addition, no other soldering agents make it possible to produce the 
thermoelectric module at a lower cost. 

[0012] A second aspect of the present invention provides a method of producing a 
thermoelectric module which includes the steps of a first process for connecting a case and a 

heat -radiation side insulating substrate with a first soldering agent to form a first 
[0013] soldering layer between the case and the heat-radiation side insulating substrate; and 
[0014] a second process for connecting a heat-radiation side insulating substrate and a heat- 
absorption side insulating substrate to one end and the other end, respectively, of each of a 
plurality of P-type and N-type semiconductor chips with a second soldering agent which is 
[0015] identical with the first soldering agent in raw material. 

[0016] In accordance with the second aspect of the present invention, during soldering, the 
thermoelectric module is made free from thermal deformation or breakage. In addition, no 
other soldering agents make it possible to produce the thermoelectric module at a lower cost. 
[0017] A third aspect of the present invention provides a thermoelectric module wherein the 
first soldering agent and the second are selected at least fi-om 95Sn5Sb, 91Sn9Zn, 
96.5Sn3.5Ag, 97.5Sn2.5Ag, lOOSn, 65Sn25AglOSb, 99SnlSb, 90InlOAg, 97Sn3Sb, 
95Sn5Ag, 93Sn7Sb, 80Au20Sn, 90SnlOAg, and 97Sn3Cu. 
[0018] In accordance with the third aspect of the present invention, forming the 
thermoelectric module can be done without lowering heat-resistance at the heat- radiation 
side. In addition, no Pb is contained in either soldering agent, which is environmentally 
desirable. 

[0019] A fourth aspect of the present invention is to provide a method of producing a 
thermoelectric module wherein the first soldering agent and the second soldering are selected 
at least fi-om 95Sn5Sb, 91Sn9Zn, 96.5Sn3.5Ag, 97.5Sn2.5Ag, lOOSn, 65Sn25AglOSb, 
99SnlSb, 90SnlOAg, 97Sn3Sb, 95Sn5Ag, 93Sn7Sb, 80Au20Sn, 90SnlOAg and 97Sn3Cu. 
[0020] In accordance with the fourth aspect of the present invention, during soldering, the 
thermoelectric module is made free from thermal deformation or breakage. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] The above and other objects, features and advantages of the present invention will be 

more apparent and more readily appreciated from the following detailed description of 
preferred exemplary embodiments of the present invention, taken in connection with the 
accompanying drawings, in which; 

[0022] Fig. 1 is a cross-sectional view of an embodiment of a thermoelectric module in 
accordance with the present invention; 

[0023] Fig.2 is an illustration showing a first embodiment of a method of producing the 

thermoelectric module shown in Fig. 1 ; and 

[0024] Fig.3 is an illustration showing a second embodiment of the method of producing the 
thermoelectric module shown in Fig. 1. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 
[0025] Hereinafter, embodiments of the present invention will be described in detail with 
reference to the attached drawings. 

[0026] Referring first to Fig. 1, there is illustrated a semiconductor laser module in 
accordance with an embodiment of the present invention. The semiconductor laser module 
includes a sealed or fluid-tight package 3 which is constituted by a box-shaped case 1 and a 
cover 2 covering the case l.An amount of dried nitrogen gas is filled in the sealed package 3. 
On an inside surface of a bottom wall la of the case 1, there is soldered by a first soldering 
layer (i.e., a soldering layer between the case and heat-radiation side insulating substrate) 5a, 
via a second lower electrode 4g, an insulating substrate (i.e. heat-radiation side insulating 
substrate) 4a of a Peliter element type thermoelectric module 4 for controlling the 
thermoelectric module 4. 

[0027] In the thermoelectric module 4, the heat-radiation side insulating substrate 4a is 
opposite to a heat-absorption side insulating substrate 4b to constitute a pair. On an upper 
surface of the heat-radiation side insulating substrate 4a and a lower surface of the heat- 
absorption side insulating substrate 4b, there are formed first lower electrodes 4c and second 
upper electrodes 4d, respectively. As a raw material of the heat-radiation side insulating 
substrate 4a and the heat-absorption side insulating substrate 4b, AI2O3 or AIN is selected. 
The first lower electiodes 4a and the second upper electrodes 4d connect a plurality of N-type 
and P-type semiconductor tips in series such that the N-type and P-type semiconductor chips 
are alternately arranged: N-P-N-P . One of the first lower electrodes 4c to which one of 



the N-type semiconductor chips is connected which is located at an outermost positioned is 
connected with a lead wire, while one of the second upper electrodes 4d to which one of the 
P-type semiconductor chips is connected which is located at another outermost position is 
connected with another lead wire. 

[0028] In addition, on the upper surfaces of the heat-absorption side insulating substrates 
4b, a second upper electrode 4d is provided or formed. 

[0029] The upper surface of the thermoelectric module 4 is adhered with a chip carrier 6 via 

a third soldering layer (a soldering layer between the chip carrier and the heat-absorption side 
insulating substrate) 6b. On the chip carrier 6, there is mounted a laser diode 7 near which is a 
lens holder 8 which holds a spherical lens 9. At a right wall lb of the case 1, there are 
provided a glass plate 10, a rod lens 1 1 which is held by a holder 13, and an optical fiber 12 
which is held by a holder 14. It is to be noted that an outer bottom of the case 1 may be 
provided with radiator fins (not shown). 

[0030] In this semiconductor laser module, the case 1 is formed of a femico family alloy 
which has a small thermal expansion rate relative to the glass plate 10 and each of the ceramic 
substrates 4a and 4b. As examples of such as an alloy, an alloy comprising 54 weight % Fe, 
29 weight % Ni, and 17% Co, and an alloy comprising 58 weight % Fe and 42% Ni. The 
thermoelectric module 4 is adhered to a bottom inside surface of the case 1 via the soldering 
agent layer 6a, as previously described. 

[0031] A heat-absorption side second soldering layer 15a is provided between an upper end 
of the N-type semiconductor chip 4e (an upper end of the P-type semiconductor chip 4f) and 
the heat-absorption side insulating electrode 4b, while a heat-radiation side second soldering 
layer 15b is provided between a lower end of the N-type semiconductor chip 4e (a lower end 
of the P-type semiconductor chip 4f) and the heat-radiation side insulating electrode 4a. 
[0032] In summary, the case 1 and heat-radiation side insulating substrate 4a are soldered to 
each other by way of the first soldering layer 5a formed of a first soldering agent. The upper 
end of the P-type (N-type) semiconductor chip and the heat-absorption side insulating 
substrate 4b are soldered to each other by way of the heat-absorption side soldering layer 15b 
which is formed of a second soldering agent of 95Sn5Sb (melting point: 232° 
Centigrade/Liquidus). The lower end of the P-type (N-type) semiconductor chip and the heat- 
radiation side insulating substrate 4a are soldered to each other by way of the heat-radiation 
side soldering layer 15a. The fnst soldering agent and the second soldering agent are identical 
in raw material. 
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[0033] Next, with reference to Figs.2 and 3, an explanation is made in detail as to how the 
aforementioned thermoelectric module 4 is made. As shown in Fig.2, the first soldering agent 
of 95Sn5Sb (melting point: 232° Centigrade/Solidus) is used to connect the bottom wall la of 
the case 1 and the heat-radiation side insulating substrate 4a at an ambient temperature of 
280° centigrade. Thus, the first soldering layer 5a is provided between the bottom wall la of 
the case 1 and the heat-radiation side insulating substrate 4a. 
[0034] Next, the second soldering agent of 95Sn5Sb (melting point: 232° 
Centigrade/Solidus) is used to connect the heat-absorption side insulating substrate 4b and the 
upper end of each of P-type and N-type semiconductor chips 4e and 4f at an ambient 
temperature of 280° Centigrade. Thus, the heat-absorption side second soldering layer 15a is 
provided between the heat-absorption side insulating substrate 4b and the upper end of each 
of P-t5T3e and N-type semiconductor chips 4e and 4f 
h [0035] Then, as shown in Fig.3, the heat-absorption side insulating substrate 4b firom which 

JtJ the P-type and N-type semiconductor chips 4e and 4f depend is lowered so as to solder the 
C! lower end of each of the P-type and N-type semiconductor chips 4e and 4f and the heat- 
S radiation side insulating substrate 4a such that the heat-radiation side soldering layer 1 5b is 
provided therebetween. 

O [0036] As mentioned above, the first soldering agent and the second soldering agent are 
iil identical in raw material, of course, resulting in that the melting point of the first soldering 
JT" agent which constitutes the first soldering layer 5a and the melting point of the second 

fU soldering agent which constitutes the second soldering layers 15a and 15b are identical. 

[0037] As the raw material of the soldering layer 6b, 58Bi42Sn solder agent is employed. 
The above-described thermoelectric module is made firee firom Pb entirely. 
[0038] A heat resistance experiment was conducted with respect to the thermoelectric 
module such that currents were supplied thereto to read temperatiu'es at the heat-radiation side 
insulating substrate as shown in Table 2. The evaluation results are set such that if the 
soldering agents are found to be melted (not to be melted) at each of the chip connecting 
portion and the heat-radiation side insulating connecting portion OK, i.e., Pass (NG, i.e.. Fail) 
is marked. 

[0039] Though in the foregoing disclosure as the raw material of the fu-st and the second 
soldering agents 95Sn5Sb is used, others are available such as 91Sn9Zn, 96.5Sn3.5Ag, 
97.5Sn2.5Ag, lOOSn, 65Sn25AglOSb, 99SnlSb, 90hilOAg, 97Sn3Sb, 95Sn5Ag, 93Sn7Sb, 
80Au20Sn, 90SnlOAg and 97Sn3Cu, as listed in Table 1 in the next page. 
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Table 1 



Raw Material 


Liquidus ( C) 


Solidus ( C) 


Notes 


95Sri5Sb 


240 


232 




91Sn9Zn 


199 




Eutectic point 


96.5Sn3.5Ag 


221 




Eutectic point 


97.5Sn2.5Ag 


226 


221 




lOOSn 


232 




Melting point 


65Sn25AglOSb 


233 




Melting point 


99SnlSb 


235 






90InlOAg 


237 


141 




97Sn3Sb 


238 


232 




95Sn5Ag 


240 


221 




93Sn7Sb 


244 


235 




80Au20Sn 


280 




Eutectic point 


90SnlOAg 


295 


221 




97Sn3Cu 


300 


227 





[0040] A comparative example was prepared which is identical with the above embodiment 
except that a raw material of the soldering agent 37Pb63Sn was employed. Like the 
embodiment, this device was heat tested for evaluation. The results are shown in Table 2. 
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Table 2 



Heat-radiation Side Insulating Substrate 

Temperature 


100°C 


100°C 


100°C 


Embodiment: 








Chip coimecting portion 


o 


o 


o 


Heat-radiation Side Insulating 


o 


o 


o 


Substrate Connecting Portion 








Comparative Example: 








Chip connecting portion 


o 


o 


o 


Heat-radiation Side Insulating 


o 


o 




Substrate Connecting Portion 









O :PASS, : FALSE 



[0041] As Table 2 reveals, in the comparative example the soldering agent melts between 
the heat-radiation side insulating substrate and the case when the temperature of the heat- 
radiation side insulating substrate reaches 200° C due to, i.e., the limited selection of 
soldering agent in light of the aforementioned safe rate in production process. To the 
contrary, in the embodiment, the soldering agent 95Sn5Sb employed at both connecting 
portions has characteristic values (soHdus line: 240° C / hquidus line: 232° C), which allows 
the thermoelectric module to have a greater heat resistance of not less than 200 °C. The 
thermoelectric module can also be made free from Pb which is eco-friendly. 
[0042] The invention has thus been shown and description with reference to specific 
embodiments, however, it should be understood that the invention is in no way limited to the 
details of the illustrates a structures but changes and modifications may be made without 
depa1:ing from the scope of the appended claims. 



